ABSTRACT
INTRODUCTION
Aspergillus fumigatus is an important opportunistic pathogen of humans. The genome of A. fumigatus Af293 was sequenced by the whole genome random sequencing method augmented by optical mapping (1) . Af293 contains eight chromosomes ranging in size from 1.8-4.9 Mb, for a total of 29. 4 Mb of genomic sequence and 49.9% G+C. There are 9,926 predicted protein-coding genes with a mean gene length of 1,431 bp (2) .
Till date most of the transcriptome of A. fumigatus has been predicted on the bioinformatic basis and about one-third of the predicted genes are of unknown function, process of annotation of A. fumigatus genes needs to be geared up. ESTs (partial cDNA sequences of usually 200 to 700 nucleotides) have demonstrated their worth in the selection of apparently unannotated proteins and putative small peptides from Arabidopsis (3, 4) . This EST and cDNA approach has also been used to annotate the UTRs of genes, to correct the boundaries of introns and exons, and to identify new introns (especially within the UTRs) and probable micro-exons. ESTs have also been used to discover non-canonical splice sites (3, 5) . Reannotation of the Arabidopsis genome using a new collection of full-length cDNAs characterized 240 genes that had escaped annotation using the standard gene modelling algorithms (5) . The annotations are homology based and EST sequences or clusters inherit the annotative attributes of their match (3) .
We undertook sequencing of cDNA clones of A. fumigatus from its cDNA library. Efforts have been made to sequence clones from a normalized cDNA library of A. fumigatus (Kessler et al. 2002) . However, the sequence data of the 1500 ESTs, reported in their study, is not available in the public domain. Earlier we have presented an account of 68 ESTs generated by sequencing cDNA clones of A. fumigatus (6) and the sequence data has been made available on NCBI database (http://www.ncbi.nlm.nih.gov/) for these ESTs.
With a view to extend the catalogue of expressed sequence tags (ESTs) of A. fumigatus, we sequenced clones from its non-normalized cDNA library and comparative analyses of these ESTs with human and other fungal protein databases have been carried out.
MATERIALS AND METHODS
Isolation and amplification of cDNA clones from cDNA library: A cDNA library made from mycelial extract of A. fumigatus, grown at 37°C was obtained from Stratagene (La Jolla, CA). The library was expanded in XL-1 Blue MRF E. coli cells and the Uni-ZAP XR lambda cDNA clones obtained from individual phage plaques were converted to pBluscript SK(+) phagemids by in vivo excision with the help of helper phages as described by the manufacturer. The E. coli SOLR cells were infected with the phagemid and were plated onto LB-ampicillin agar plates and incubated at 37°C overnight.
Colony PCR and sequencing of PCR product: Colonies appearing on the plate containing the phagemid having the cDNA insert were used for colony PCR using T3 (5' AATTAACCCTCACTAAAGGG 3') and T7 (5' GTAATACGACTCACTATAGGGC 3') primers. PCR cycling conditions were 94°C / 4 min and 28 cycles of 94°C/ 1 min, 58°C/ 1.5 min, 72°C / 2 min, followed by a terminal extension cycle at 72°C / 7 min. PCR amplification product was purified for sequencing with GFXTM PCR and Gel band purification kit (Amersham Pharmacia Biotech Inc.). Automated DNA sequencing was performed twice using fluorescent dyeterminator chemistry and T3 primer by ABI 377 DNA Sequencer (Applied Biosystems).
Expressed sequence tag (EST) data analysis:
To validate the sequences of ESTs obtained, the sequences were subjected to BlastN against the A. fumigatus whole genome shotgun assembly at Sanger institute (http:// www.sanger.ac.uk/projects/A_ fumigatus). ESTs were assigned a putative function based on the match with highest sequence similarity, using the BlastX against National centre 
RESULTS AND DISCUSSION
Two hundred cDNA clones were randomly selected for sequencing to generate 52 novel ESTs, submitted to the EST database (dbEST) at GenBank. Minimum, maximum and average length of sequences was 146, 1287 and 438 respectively.
Assignment of putative function to A. fumigatus ESTs:
Among the 8 ESTs corresponding to hypothetical proteins of A. fumigatus, 2 (TMS25 and TMS45) were assigned putative function on the basis of BLASTX results and 2 other (TMS30 and TMS50) were assigned the function by searching the complete protein sequence against protein family based hidden Markov models (http://blast.jcvi.org/web-hmm/). Interestingly, two of the ESTs (TMS27 and TMS33) did not show homology with any of the predicted CDSs of A. fumigatus, however, it showed a perfect alignment with a part of A. fumigatus genome. Further experiments need to be done to confirm their expression and role in A. fumigatus biology.
Mapping of exon-intron boundries and UTRs:
Seven of the ESTs contain partial sequence of 5'UTR whereas three contain partial 3'UTR for different genes (Table1). Sixteen intron-exon boundaries have been mapped for 13 genes (Table1). fumigatus is yet to be investigated.
Identification of complete CDS for

Comparative analysis of A. fumigatus ESTs with other organisms:
A. nidulans and A. terreus had homologues for 86.5 and 88.5% of ESTs respectively, whereas, S. cerevisiae and S. pombe had them for 50 and 61.5% of ESTs respectively. This difference is as expected in view of evolutionary divergence between these fungal species. Earlier, we have found this representation to be 89.7% for A. nidulans and 61.7% for S. cerevisiae using the same cDNA library. Two of the opportunistic fungal pathogens from different class of fungi, C. albicans and C. neoformans were found to have Homologues of few of these putative drug targets have already been known as virulence factors in other organisms; adelylate kinase has been implicated in virulence of Pseudomonas aeruginosa (13) , whereas , succinyl-CoA synthetase has been shown to be important for biofilm formation in bacteria (14) . Rhomboid factors are serine proteases (15) and few of the serine proteases have already been known to play a role in virulence of A. fumigatus by digesting the host tissue and also by acting as allergen (16) . Autoimmune diseases have been known to contribute to the extensive tissue damage observed in allergic bronchopulmonary aspergillosis (ABPA) patients (17) . Molecular mimicry between human and pathogenic proteins is one of the proposed mechanisms of autoimmune reactions. Proteins coded by thirty two of ESTs studied here have significant homologies with human proteins, so may be contributing to autoimmune diseases accompanying aspergillosis. TMS52, TMS40 and TMS2 show high degree of homology with human mucin. TMS2, coding for a GPI anchor protein appears to be a potential candidate for triggering autoimmune reactions, as, being a cell wall protein makes it easily accessible by host's immune system and, further, its human homologue being secretory is also easily accessible by the immune system. 
Identification of diagnostic markers:
